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3 

Mn-hCrX 2 ^0. 2 (wt%) 

Nb:0. OOS'-O. lwt%St/ 
B:0. 0005^-0. 01wt% 

Nb+BXlO^O. 02 (wt%) 

§ I ^ ^ t ^aiitS io°c/s _bT?^ip L;^c^ . 

[|f*Jg3l C:0.01wt%JEAT. 
Si:0. lwt%J[^T. 
Ti:0. 005^0. 05wt%, 
A1:0. 5wt%£J^T. 
N:0. 02wt%J^T^T:/ 
S:0. 05wt%J^T^> 

C- (l2/48Ti-12/32S-12/14N) ^0.0005 (wt%) 

Mn:0. 01~2. Owt%S.TJ^ 
Cr:0. 005--5wt% 

Mn+CrX 2 ^0.2 (wt%) 

Nb:0. 005~0. lwt%^t/ 
B:0. 0005^0. 01wt% 

Nb+B X 10^0. 02 (wt%) 

[it*JS4] C:0.01wt%JeJlT^ 
Si:0. lwt%i^T^ 
Ti:0. 005—0. 05wt%, 
A1:0. 5wt%tilT. 
N:0. 02wt%J^TSU^ 
S:0. 05wt%]^T^. 

C- (l2/48Ti-12/32S-12/14N) ^0.0005 (wt%) 

Mn:0. 01--2. 0wt%^U5 
Cr:0. 005~5wt% 

MnH-CrX 2 ^0. 2 (wt%) 
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Nb:0. OOS'-O. lwt%St/ 
BrO. 0005—0. 01wt% 
(7)l«X(i2ai?r, 
Nb+BXlO^O. 02 (wt%) 

10 i^iEL. 

[^*JS5l C:0.01wt%i^T. 
Si:0. lwt%J^T. 
P:0. 03—0. 15wt%, 
A1:0. 5wt%i^T-&I>^ 
N:0. 02wt%J&lT 
20 zJi^O 

Mn:0. 01—2. 0wt%^TJ« 
Cr:0. 005— 5wt% 

coiaxf^ 2a§r. 

Mn + CrX 2 ^0. 2 (wt%) 

Nb:0. 005—0. lwt%^r/ 
BrO. 0005— 0.01wt% 

Nb+BXlO^O. 02 (wt%) 

y^y^ h>S:I/e^30//mJ^TT^fls:|S^5%J&lT<^r 

[ff*^6] C:0.01wt%i^T. 
Si:0. lwt%J!^T> 
P:0. 03—0. 15wt%, 
40 A1:0. 5wt%:i^TS:I>^ 
N:0. 02wt%l^T 

Mn:0. 01— 2. Owt%S.TJ« 
Cr:0. 005— 5wt% 
<^lSXfi2®^, 
Mn+CrX 2^0.2 (wt%) 

Nb:0. 005—0. lwt%^U« 
B:0. 0005—0. 01wt% 
50 iaxJi2«:Sr. 



(3) 



W^^^e- 1 0 2 8 1 6 



Nb+B XIO^O. 02 (wt%) 

imM^T] C:0.01wt%)^T> 
Si:0. lwt%£JlT^ 
Ti:0. 005^0. 05wt%, 
P:0. 03'-'0. 15wt%^ 
A1:0. 5wt%Jt^T. 

N:o. 02wt%eiTsr;? 

S:0. 05Wt%I^T^> 

C- (l2/48Ti-12/32S-12/14N) ^0.0005 (wt%) 

Mn:0.01--2.0wt%S.O« 
Cr:0. 005~5wt% 

Mn+CrX2^0. 2 (wt%) 

Nb:0. 005^0. iwt%^r;^^ 
B:0. 0005~0. 01wt% 

Nb+B XIO^O. 02 (wt%) 



[tt*:^8] C:0.01wt%eJlT^ 
Si:0. lwt%jl^T. 
Ti:0. OOS^-O. 05wt%, 
P:0. 15wt%, 
A1:0. 5wt%^T. 
N:0. 02wt%J^T.&U^ 
S:0. 05wt%Jg(T 

C- (l2/48Ti-12/32S-12/14N) ^0.0005 (wt%) 

Mn:0. 01-^2. 0wt%SO5 
Cr:0. 005~5wt% 

<5^iaxf^2a^, ^s: 

Mn+CrX 2 ^0. 2 (wt%) 



Nb:0. 005~0. lwt%S:t;^ 
B:0. 0005--0. 01wt% 
(^)lSXt^2S^, i$)CSC 
Nb+BX10^0.02 (wt%) 

10 §1 ^M#/ftiPiS*iot:/si^( Jb-e^^ai L^c^. 

20 m^My^^mnnmit^ {mm tth\mf^m^fzi^m 
mm t^(Dmm:^m\^m'r^ txh^o 

sW}Mm(DmR\^m^^^y'i-:^^m^aii^^\^^xi,^^ mm 

x^tL{S^m(^^\:^{^<\^^mm(D^m^mt^iy(7)x 

30 l.:^>L—:Jj':fu:z.MJHcmLX}fts MJimic^-t^^^- 

it^m^tix^^^^o 

^icDXvi^mR-r^^^iicMJt^^^mmtLx. m^io 

M-tmi^. f^i)t!it-t}ff^±^'t^BH (Bake Hardening) m 

Mc^m^ii^^&^^x. mmmHi-f^cD^m^x-DX 

40 

^T-fe6o m^x\^. ^mk(Dm 

50 ;0^^^§^^(i®«6tJ(-(^#^-efc-5;dN nm!iimM(0 
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m(o^m^i^msihtifz.i,(D^iCf^^xv^^(D:dmikx 

^fl:#?J1^^^5^icJ:6C(^— (#<z^0S6 1-9368-^ 10 

L^P>^# ^ ^-^ti^ttlS Af^i^^^BSei - 1200 
^l*LTV^;5o -r^^t^-fe. Nb,B^*[^^J!jPb/hffif£^^ 

2ffim^,>/^>5o rt^^iaffiia^c^-g-^i^v^BHi*^* 

^^^<Dim^ • I^BHS(5D©:K^«(e:W:-<^ tMH 
^3l^l^)*DXJ^*3v^Tf^. ^BHS^«^5^fi^xt?#?iv^^^!| 30 
t<DmtLf)mmx^'r^fz.o 

^DXm^(D^?^gWPB1^*#afe^/^c:^^x^^^/^v^s^gS?U 

V^Tt^Bt^^ • #^BH®C0©cH?^g?i9fflffl«t-W:WU# 40 

rcD^Kti, C:0.01wt% (KT^f-o/o-CTJ^-r) £XT. S 
i:0. 1%J^T. A1:0. 5%jyTST>^N:0. 02%J^T^'a<^^ 
;O^OMn:0. 01—2. 0%RI>*Cr:0. 005— 5 "VoCD 1 SX^i 2 « 
Sr. 

Mn + CrX 2 ^0. 2 (%) 

^Y^^i-^*f4^-e^^b. ^ ^)(^Nb: 0.005—0. IVoRU 
B:0. 0005—0. 01%(7) 1 ffiXti 2^^, 

Nb+B X10^0.02 (%) 50 
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(mi mm) . rxi 

C:0.01%J^T. Si:0. 1%J&IT. Al :0. 5%J^T5tWI:0. 02 
%SkT^^^. :d^oMn:0. 01—2. 0%Jlt/Cr:0. 005— 5 % 

Mn+CrX 2^0.2 (%) 

Sr«^-r5^{4=-e'g-*L> $ b {;:iNb:0. 005-0. l%S.t^ 
B:0. 0005—0. 01%(D 1 SXt* 2 
Nb+B X 10^0. 02 (%) 

C:0. 01%KT. Si:0. l%]^Ts Ti :0. 005— 0. 05%. Al: 
0. 5%j[^T. N:0. 02%J&LT^t/S:0. 05%J[^TSr. 
C- (l2/48Ti-12/32S-12/14N) ^0.0005 (%) 
^?SJSt^5^f4^-e^^> ^^oMn:0. 01—2. 0%Bir;«Cr:0. 0 
05— 5 %CO 1 mJL\^ 2 ffi^, 
Mn+CrX 2 ^0.2 (%) 

^8SJS-rS*f4^T^* ^ ^{CNbrO. 005-0. lo/oR7J 
B:0. 0005—0. 01%(D 1 fllXf^ 2S?r. 
Nb+B X 10^0. 02 (%) 

(T^m^Sf^^^ «9 . hS:r;^3K@30j[/mej^TT*ii^«5:a 
{^.#.#t>*;5>50.5%J^T'efc^^irS:#f|S:i:-rs. ;dflX 

mmm (msmm) . rd^. 

C:0.01%l^T. Si:0. 1%J[^T> Ti :0. 005— 0. 05%. Al: 
0. 5%&.T, N:0. 02%jl^T^t/S:0. 05%JEi.T^^ 
C- (12/48Ti-12/32S-12/14N) ^0.0005 (%) 
^r»J£-t~ 5 0ki^X^^. ;^^oMn : 0. 0 1 —2. 0%S:O^Cr : 0. 0 
05— 5%(^ iSXt* 2ffi$r. 
Mn+CrX 2^0.2 (%) 

^?iJ£-r^*f4^T*^#b. $ ^>(c:Nb: 0.005-0. i%Rrj 
B:0. 0005—0. 01%(7) 1 2 
Nb+B X 10^0. 02 (%) 

f^. Aci^^/^.~50^J: «9i^< . Ac,^^^.:*r^(?:)^E*T* 

iS^tt^L. ^\^m^^^mmmio''c/su±Xi^nLrz. 
jDXtt. mB.0m^i^R'c^mHi'irmim\mti^^m 



(5) 
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C:0.01%i^T. Si:0. 1%£/.T. P:0. 03-'0. 15%, Al:0.5 
%UTRXM:0. 02%JEAT^^^. ;0^oMn:0. 01—2. 0%S 
XfCriQ. 005-- 5 %<D 1 ffiXt* 

Mn-f-CrX 2 ^0. 2 (%) 

*rl§^-r^^i4^T^^Wb> $ e>i-Nb: 0.005— 0. l%^t/ 
B:0. 0005—0. 01%(7) 1 ttXJ^i 2^1^, 
Nb+BXlO^O. 02 (%) 

hj5.r;^5g£M30/zmi^TT^.ft:a 10 

C:0. 01%i^T. Si:0. 1%J^T. P:0. 03— 0. 15%, Al:0.5 
%&sTRm:0. 02%i^T^'a ;5)iOMn:0. 01—2. 0%S 
t)?Cr:0. 005— 5 %(D 1 WXt^ 2«&, 
Mn+CrX 2 ^0.2 (%) 

§r?SS-rS*f4^T*^*L. $ b{^Nb:0. 005—0. 1%RXI 

B:0. 0005—0, 01%(^ 1 SXt* 2^^, 20 

Nb+B X 10^0. 02 (%) 

ffT^o.8%^±(DpKi±M^*£i-:it^#mt-t- 

C:0.01%J[^Tv Si:0. 1%:I^JIT. Ti :0. 005— 0. 05%, P:0. 
03—0.15%, A1:0.5%J^T^ N:0. 02%£J^TStJ^S:0. 05% 30 

C- (l2/48Ti-12/32S-12/14N) ^0.0005 (%) 
^M^ir^0k\^X^^, ;^^oMn:0. 01—2. 0%S.t/Cr:0. 0 
05— 5 %C9 1 aXJi 2 ffi^, 
Mn + CrX 2 ^0. 2 (%) 

^^a-r^^f^^-e^WL, ^ ^{^Nb: 0.005-0. IVoRXI 
B:0. 0005—0. 01%O 1 SXfl 2 ffiSr, 
Nb+BX10^0.02 (%) 

(Dum^f^^. y:r,y^vRxfm.mouLm]^T'r:m.Pfm 40 

C:0. 01%i^T. Si:0. l%£JlTx Ti :0. 005— 0. 05%, P:0. 
03—0.15%, A1:0.5%JWT. N:0. 02%J1^T>SlIJ^S:0. 05% 

C- (12/48Ti-12/32S-12/14N) ^0.0005 (%) 
'^\M^ir^^\^X^^. ;ei^OMn:0. 01—2. 0%&t/Cr:0. 0 
05- 5 %CD 1 axf* 2 ttSr. 50 
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Mn + CrX 2 ^0. 2 (%) 

^M&'t^^ki^X^^ L, ^ feJCNbiO. 005—0. l%S:t>* 
B:0. 0005—0. 01%<^ 1 SgXJi 2 Sl^> 
Nb+BX10^0.02 (%) 

Ac,^ffi^-50^J:>9iR<^ Ac,^^i^,*fi(DMS-T? 

a^j^itBL. §l#jf^t?^SJjgSiot:/s«±T-?^*PLfc 

EET^0.8%J^±(7)p«j±M?:j^rr i:^#m^r-r 

fie^c^^itTi:^, m2^m^Rxiyxi^mm^M^\^tc 
2ffiti~6fflffitc:*5v>T, ^m^hmnmcmM^^m 

?SLrF^{^^.#u?^o.5%JWTt Lf-m^{;i^^, m2ffi 
c7)^^;^s - J: «9 fg < T t B#^«3®J^!)m^ W-r -5 ^ <^ ^ 

C:0. 0030%, Si:0. 01%, Mn:0. 61%, P:0. 015%, S:0. 0 
07%, A1:0. 059%, N:0.0025%, Nb:0. 012%St>^B:0. 00 

l3%<7)ffi^^::/^5«{::, mmmm-mmf^m-'/^mf±m 
-mmmm(7)i:m^. mmum^m^t^-^txmi.. mm 

0. 8im(D'if^^mm ^ Lfco r r X:^ y :/J!)D^^E.S(i 1250 
°C, Ar,^]^.^,850t:{^^bTia®JJ^T?U*Ji880"C, 

j&mmmm, 2rm, mmmmB.m\i. 62o°c^Lfco 

S'J^ (#M3l«i°c/s) (::i:5Ac,^^;^j^9iot:r*$>o 

f-o mW^&l^. 810-950t: (i^^5#) COS-^ cJ^tM.;S 
LT#e?tv;fcftS(7)BHfiti, 5.0— 5.5kgf/nnn=^*^fe 

ofco ^:r:TBH4(cov^Tti, ^#^2%iP^B#co<2^$^ 
i£;'j<^. i^3i^l70°c, 20^OB#?$ti^^^ffiL;rci^09T 

wmu. mummii (i^t^^.#i/) (omt^mi 

mmxn. mnj^m^j:i.x+^^^^mu^^mmmhti 
^rcm^{^. ^2tBfr^^io%jw±;5Si^.MT-fc5;65, m 
«BE® (1.2%) ^m-tt. m2^{$^m^^no%mn(^ 
5%&.rxhiS:mm^mim doo^, io0#PBiNF^;3ot:, 

^'^^o :i(ommxn. wm«:t>&»xLf)^hmw^iti. 
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h-\-Wimriy^zLy^y=r^y4 hmmm (Cio.oo 

32^0.0036%. Si:0.01%, Mn:0. 40'-'0. 42%^ Cr:0.08 

P:0. 020%, S:0. 010%, A1:0. 06%, N:0. 0026~0. 0 
027%, Nb:0.015'-0.025%, 8:0.0012%, >^^>^*n^M 
*:1200'C, Ara^Ji^,: 83010, f8ijl*^TM«:850t:. |» 
jffite^l? :3.5mm, fgij^«#^?M.*:600t:. ^mmmm: 
0.8mm, Ac,Sm^,:890^, JffiSE?l.*:870t:, l§;IUi0#rp1 : 1 
0#, ^^^jS«:20t:/s, PKBE®ffiT^:1.2% ; ^8$?^ 

y4 hMfflte (0:0.0030—0.0033%, Si:0.01%, Mn:0. 

40%, Pro. 018%, S:0. 010%, Al:0-05%, N:0. 0024-- 
0.0028%, Nb:0. 015'-'0.025%, 6:0.0013%, :^'7yM 
^?M.«:1200t:, Ar3'S^>^.:860^, ||ftjffi5SI'TM*:890 
t:, ^®1S«)¥ :3.5mm, : SOO't: , 

tSJ¥ :0.8mm, Ac,^S.#. : 910°C, ;^ggM^:940^, 
H#F^1:5#, ^*lljg*:20°C/s, ilKi±MidET^:0. 5% ; 

• i^BHS) YW^mmWi (C: 

0.0022—0.0026%, Si :0. 01— 0. 03%, Mn:0.08— 0. 12 
%, P:0. 008%— 0.012%, S:0. 005— 0. 015%, A1:0. 03 
%— 0. 05%^ N:0.0020— 0.0028%, Nb:0. 015— 0. 020 
%. ;^^:/*n^faA:1200— 1250^:^. Ar5^ffi^,:870^, 
^^^TMS: 880-900^, ^M^^l?: 3. 5mm, 
#ffit^ajS:580-660°C, ?^j^«SJ?:0. 8mm, Ac,^ffi>^,:9 
30^, 3^#EMft:830-880°C, i^^0$r«1 :0-205Ei.\ 
3S«:15-30t:/s, ; • ^BHM) ^-oV^T. r ^iS 

SlI/L.D.R (Pg#l5«9it) (L^J¥x.>^:700kgf) ft 

l^-</l-t^, 29-31kgf/mm^JC}i[x.rfcSo 
||2Ia^-*5V^T, mk(J>yz^'7>( V-^W&T^y^^=7 — 
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&.Ai(D^m^m-5^-^h\m^^n-:>x^ 
*-rm2ffl {ru^=2.y-y:^y^ V) (onmx^ sou 

^(^mmmx^rcm2^i$^mm(omyHmx. o. i% 

20 Mn + CrX 2 ^0. 2% 

{:LTiy^^y-'y:x^y^ ht-t^tcmax. mRU^X 
Nb+B XIO^O, 02% 

^rz.±mm2m^^m^^ir^mm^^\^^xi,. wm(d^ 
c:m, Bm^H^-r^ ^ ^xm^^j^^^xh^t^. o.o 

1 % -5 t r (D^m(D:^l[i^ t o T L T ^M^B# 

mxh V . 0. oi%^®x.^ t mmmjimmhri^^j: < 

^'^'So Lfc^5oTCS:fmoi%J[^T^-t'So >i:}3iSV>BH 

40 <, mm^i^(oxv{^3^t}f^mmm^f^^Axh^Ti^ 
mmir^m^\a±. mmc&^^^o, ooo5%^^±fii^^^-rfc 

0. i%J: •9^<#fti~'5^. mm(^WXJ^i^ 

Ai : Ai , ± \mm^(Dm.m(o tz i^mmir 5 o 

*/bAl}i, N^AlN^ Lr@^LBNfM{dJ:5B^@^ 
'9CQiST^E5C^^Sr^-r6<50T\ 0. 005%J[Jjl±'g-;^^ 
'^^:ihtm^ LV\ L;5)^L0.5%^^;t^AlSsJPJi« 
50 mm^\^mmm^R\^^(DXO. 5%J!^T{-«i;t/^ttixfi 
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0.02%i^Tt't-So L< t*NSfmoo5%j&lT(-«] 
Mn, Cr:*t*"T:i:iizl!^fc3®S(:iJ: <9 ^ Mn+Cr X 2 ^0. 2%<7) 

(Oit^^mi^ ^Mit ^ ii: ^ o L o TMn : 0. 0 1 --2. 0 
Cr:0.005'-5%(^>lfflXfl2fii*, Mn+CrX 2 ^0. 

2% $ -t^T-g-^-r 5 r ^ ;^i5>^>M-e$> -5 o 

Nb. B:Nb. Bfi. m^CTyXv^^-^th^'HmmXX^^^^ 

rcm^mmi^:^\^^xhmmt^ (m) ^fic^m^^^tc 

:^ ^fST ^ ^ 6 o B *(7)0. 0005% {cr^iTc v ^^*p 

'hXr^^mMt^^< Nbc7)0.005%{::r^lfc/^v^^Ap{;^ 

oV>Tt>|^^t-Cfc^o Lfci;d^oTNb:0. 005--0. 

B:0. 0005'-'0. 01%C9 i @Sfcf^ 2 ffi^, Nb-f B X 10^0. 

02% ^^S^-l^rT^^^-^irS § , 

Ti. S:^(7)^0^{r^oV>Tffl4i-iS:^^>t LTCOS^;loV^ 

^ M-H.^ofc:ffifflT*<£jat-5r^;$sa^L<. 0.05% 
JEXT{^i-^r.t;aW*Lv\ *fcTi^*po^-g^(;::j^#^ 

r(?:>^P^(^*5V^TtiAPXttoefeS. B#g* !9c7)fR]±(^ 
:rr:i6{^Ti4r^*PLr^> J:v\ Ti(7)^*?rW-rfci?)(;i(m 

005%J^±(7)^iP;^5i^^xgr-fe5^5. 0. 05%^ffix.S^*P 

fz.}h\z.nw^om.^^. 0005%J^±S6f*i- 6 r h t^SL<m:X 
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W^Ti (TiN,TiS?g^5)^^|^V^;rcTi) {:iMLT. 
C- (l2/48Ti-12/32S-12/14N) ^0.0005 (%) 

«9ffi:T^I5SC:^cJiI)irsjlo.05%Jl^Tti-'5o L^h^SoT 
'\\(DW%<0^.a:>^\^\^, Ti:0. 005--0. 05%-e;0^o 
C- (l2/48Ti-12/32S-12/14N) ^0.0005 (%) t 

$£»(;iS:0.05%«Tir-r6o 

^;a>/c^v^;0^ *feHSr|g*$tb'5ffl]^(r:(io.05%i^T<h-r 
10 ^r.t^W*Lv\ *:rc««?fi'fl::^5><^ LTfiO. 15%J^ 
T<7)SsJp/^^f^^(^^P^(7)^;^^a/^ 5 t>^^'ril/^v\ 
— P (nmWLm\L(ommt. 0. 03%jeji_h^SD L/^ v > 
<t^i:^^t^/c^v^(7)T^ ftffi^mb^gWi: LTP^^^j[JP■t- 
5:^'g^{:l^^ PS^O. 03%--0. l5%i:-r6i^>g;^^fe6o 
iSfe ( ^ ^ co^ P^ c;)^^iS ig^ft pg^S S ^ ^ T 

So 

20 mmwm^^\^^x\>nmrQmt>fi:\^t^. mm^mmMy 

;^ci?>(cti, ^P«1jEM^(D#ffit'9?a*Sr550^J[^±ir-r'5 
J- J: Sinxtt^#cDfca?){c:fi60%J[^±(^?^MiET^^ss 

^m(Dm.mxnoo mMm.mo:>Tm\^. m2m<oyttfj: 

^>fi^mi.'^^<. mmumxisfp^mK.xmm'r^ ts 
40 mm^3\^m<if^mc^^^x\t.. ?^al0#{cyffi^;l^>/^< 

lo^c/si^Jb t-t^ h 6 o 
\^xnhfhfz.WMri^^zi,v — y:^y^ h + 

\tmn^mfimhm\^x\f^h, z.(Dm^. m%mm(Dm 
rmits m.m'¥i:^it\^xmrit:.m^^'^^n^f^mz. 

50 vo^mx.^&ymx\t. wk^mi:^^;^^ < ^i:^(Dxmn 
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